While the usual or myxoid-type neurothekeoma has been reasonably well established as being a tumor of neural origin, the cellular neurothekeoma remains in disputed histogenesis. We studied a series of 11 cellular neurothekeomas using paraffin immunoperoxidase staining with microphthalmia transcription factor (Mitf), NKI/C3, and S-100. The majority of the tumors in our series stained with NKI/C3 (9/11) and Mitf (9/11). All failed to stain with S-100. Furthermore, we divided our series of cellular neurothekeomas according to cytomorphology; tumors demonstrating predominantly spindled morphology, predominantly epithelioid morphology, and mixed spindle and epithelioid morphology. The two tumors that failed to stain with NKI/C3 both demonstrated predominantly spindled morphology. One of the tumors that failed to stain with Mitf showed exclusive spindled morphology, while the other showed mixed morphology (spindle and epithelioid). Two of the tumors, which stained strongly with Mitf, however, showed exclusive epithelioid morphology. This current study furthers the concept that cellular neurothekeoma is a tumor of neuroectodermal origin, and further suggests that it may express some component of melanocytic differentiation. Keywords: neurothekeoma; microphthalmia transcription factor; NKIC3; immunohistochemistry Cellular neurothekeoma is an uncommon benign cutaneous neoplasm of uncertain histogenesis. Cellular neurothekeomas are often composed of spindled and epithelioid cells arranged in nests within the dermis, and sometimes resemble melanocytic neoplasia in routine histological sections. Immunohistochemical stains are helpful in discriminating cellular neurothekeoma from melanocytic neoplasia. Cellular neurothekeoma is typically reactive for NKI/C3, smooth muscle actin and neuron specific enolase and fails to stain with S-100 protein or HMB 45.
Cellular neurothekeoma is an uncommon benign cutaneous neoplasm of uncertain histogenesis. Cellular neurothekeomas are often composed of spindled and epithelioid cells arranged in nests within the dermis, and sometimes resemble melanocytic neoplasia in routine histological sections. Immunohistochemical stains are helpful in discriminating cellular neurothekeoma from melanocytic neoplasia. Cellular neurothekeoma is typically reactive for NKI/C3, smooth muscle actin and neuron specific enolase and fails to stain with S-100 protein or HMB 45.
We have added anti-microphthalmia transcription factor (Mitf) to the battery of immunohistochemical stains used in our laboratory for studying possible melanocytic neoplasms The protein encoded by the microphthalmia gene is a transcription factor essential for the development and survival of melanocytes. Humans with the heterozygous mutations of Mitf have Waardenberg syndrome type II, a condition characterized by white forelock and deafness. In mice, homozygous deletion of Mitf produces complete loss of melanocytes in the skin and other organs, suggesting that Mitf is essential for the development of melanocytes. 1 Recent studies have demonstrated the antibody generated against human Mitf is reactive with metastatic malignant melanoma and appears to be a sensitive marker for melanocytes as well as melanocytic neoplasms. [2] [3] [4] [5] [6] In the diagnostic evaluation of a lesion suspected to be a cellular neurothekeoma, we observed reactivity with Mitf. This led us to review the immunohistochemical profile of all the cellular neurothekeomas in our laboratory with regard to staining with Mitf, S-100 and NKI/C3.
Materials and methods
All of the cases studied were obtained from the files of Knoxville Dermatopathology Laboratory, Knoxville, TN. Only formalin-fixed paraffin embedded tissue was used. Histologically, cases were classified cytomorphologically according to whether or not they contained predominantly epithelioid cells, predominantly spindled cells, or a mixture of both. This was done in accordance with the original description of Rosati et al. 7 Patient clinical information regarding the lesions was collected.
Immunohistochemistry
The primary antibodies used are listed in Table 1 . Paraffin blocks were sectioned into 3-mm-thick sections and mounted on Plus ( þ ) slides. Endogenous peroxidase was blocked by incubation in 3% hydrogen peroxidase. For S-100, sections were digested with trypsin for 15 min at 371. This was followed by a protein block (Biocare) for 10 min and incubation with S-100 for 1 h at room temperature. After rinsing with PBS, slides were incubated with a secondary antibody (goat anti-rabbit IgG, BioCare) for 15 min at room temperature, and subsequently with streptavidin-HRP for 15 min. Slides were developed with aminoethylcarbizole chromogen (BioCare).
Immunohistochemistry for Mitf and NKI/C3 was carried out in a similar fashion but with a heatinduced antigen retrieval in Reveal (BioCare) solution for 35 min. In evaluating positive staining, only nuclear staining for Mitf was regarded as valid.
Results
All 11 cases were characterized by a dermal proliferation of neoplastic cells filling and expanding the superficial and deep dermis. The lesions extended up to, but did not involve the overlying epidermis. A junctional melanocytic proliferation was not identified in any of the cases. The lesions were characterized by nests and fascicles of cells with no appreciable mucinous stroma. The nested growth pattern bore resemblance superficially to dermal nevi, however, the lack of maturation, growth into the deep dermis and poor circumscription, were consistent with cellular neurothekeoma. In addition, all cases were S-100 negative. Cytologically, six cases showed a mixed spindled and epithelioid pattern, three were mostly spindled and two were mostly epithelioid. The clinical information is summarized in Table 2 .
The immunohistochemical and histological analysis of the cellular neurothekeomas is summarized in Figure 1 and in Tables 3 and 4 . Nine of 11 tumors each stained with both NKI/C3 and Mitf. None stained with S-100. The two tumors, which failed to stain with NKI/C3, were mostly spindled. One of the two tumors, which was negative with Mitf, was almost exclusively spindled and the other showed an evenly mixed, spindled and epithelioid morphology. The two mostly epithelioid tumors showed strong reactivity for Mitf.
Discussion
In 1980, Gallaher and Helwig 5 published a report on a series of benign tumors of nerve sheath origin that were dissimilar from any previously described. They 5 coined the term 'neurothekeoma' with reference to the Greek word oeke meaning sheath. Since then, these tumors have been further subdivided into myxoid or classical type and cellular variants. The cellular type of neurothekeoma was presented in two separate descriptions, the first from Italy by doctors Rosati, Fratamico and Eusebi in 1986, and a subsequent description from Barnhill and Mihm in 1990. Both papers described cellular neurothekeoma as consisting of neoplastic cells forming nests localized in the dermis or focally in the subcutaneous tissue. The nests were discrete and contained round to oval epithelioid cells with abundant eosinophilic or amphophilic cytoplasm with overlapping of usually well-defined cell membranes. The nuclei were vesicular and had dispersed chromatin patterns; however, pleomorphism and hyperchromatism were seen in some lesions. 7, 8 Clinically, these tumors occur predominantly on the head and neck areas of young women.
Immunohistochemical analysis has failed to completely characterize the histogenesis or differentiation of cellular neurothekeoma. Despite the purported hypothesis of this tumor being of neural origin, it fails to stain with S-100 like its classical counterpart. 5, [9] [10] [11] It has, however, been noted to stain with some neural markers, including PGP 9.5, and, more interestingly, melanocyte markers, including NKI/C3. 11, 12 Other studies have shown it to be smooth muscle actin positive (see Table 5 ). The goal of this study was to characterize the combination of Mitf and NKI/C3 expression in cellular neurothekeomas. As is evidenced in the Results, a majority of the tumors we studied, regardless of histologic/cytologic subtype, stained strongly with Mitf and NKI/C3 markers. NKI/C3 expression has been well documented in previous studies and has consistently shown strong staining. 11 This marker, however, does not exclusively stain melanocytic markers, and also stains a variety of tumors and cell types showing neuroectodermal characteristics. To our knowledge, Mitf has been heretofore undescribed and uncharacterized in cellular neurothekeoma.
Mitf expression is not exclusive to melanocytic tumors. Mitf expression has been observed in other tumors including angiomyolipoma and other neoplasms belonging to the class of PEComas or perivascular epitheloid cell tumors. 13, 14 Its expression has also been well characterized in mast cells. 15 We have found Mitf to be a reliable and helpful marker in our immunohistochemical studies of possible melanocytic neoplasia. However, one study has openly questioned the value of Mitf as a melanocyte-specific antigen. 16 The Mitf reactivity in cellular neurothekeoma observed in our small study raises several points of interest, but fails to define the histogenesis of cellular neurothekeoma. It is possible that Mitf expression is an additional evidence that cellular neurothekeoma is a tumor of neuroectodermal origin as suggested by others, including those demonstrating it to have other neuroectodermal markers such as PGP 9.5.
11 Also possible, and most intriguing, is the concept that a cellular neurothekeoma could be in the family of the PEComas that express both smooth muscle markers and melanocyte markers. 17, 18 Previous immunohistochemical studies and ultrastructural structures have demonstrated that cells in cellular neurothekeoma show features 
Case
Type Mitf NKI/C3 S100 of Schwann cells, fibroblasts, myofibroblasts, and smooth muscle cells. 19, 20 In our experience, these lesions stain in about 50 percent of cases with SMA (MC Mihm Jr, personal observation). Other studies have also shown that cellular neurothekeoma does not actually represent a variant of neurothekeoma and is in fact a tumor of another cell type. 21 Calonje et al, 12 suggested with their immunohistochemical and light microscopic study that cellular neurothekeoma was in fact an epithelioid variant of a pilar leiomyoma. In addition, Mitf positivity has been shown in PEComas. 17, 18 The variable immunohistochemical and ultrastructural profile of cellular neurothekeoma may be evidence of a neoplasm that undergoes variable phenotypic differentiation. This feature has been expressed in vitro in angiomyolipomas, which also demonstrate reactivity with Mitf. An angiomyolipoma cell line demonstrated variable terminal differentiation into smooth muscle, fat, and melanocytic cells. 22 Ultrastructural studies in cellular neurothekeoma have shown similar phenotypic variation. 19, 20 Another point of interest is that the Mitf reactivity of cellular neurothekeomas could potentially cause diagnostic confusion with melanocytic neoplasms. Spitz nevus and malignant melanoma, primary and metastatic, can show features very similar to cellular neurothekeoma. Careful histologic study and a panel of immunohistochemical markers are required for accurate diagnosis. Cellular neurothekeomas do not contain melanin pigment and do not have a junctional or intraepidermal presence. Cellular neurothekeomas are negative for S-100 and HMB-45. 23, 24 In conclusion, cellular neurothekeoma can show positivity for both NKI/C3, and Mitf, two 'melanocytic markers.' This observation should help prevent diagnostic error in classification of cellular neurothekeoma and may be evidence that cellular neurothekeoma is a type of myomelanocytic tumor in the family of perivascular epithelioid cell tumors.
